under atmospheric nitrogen was stirred at reflux for 48 h, and concentrated. To the residue were added ethyl acetate (20 mL) and saturated aqueous sodium hydrogen carbonate (10 mL). The two layers were separated, and the aqueous layer was extracted with ethyl acetate (3 x 20 mL). The combined organic extracts were washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated. The residue was purified by column chromatography over silica gel to afford hemiacetal ester 2.
Hemiacetal ester 2a: 73% yield; white solid; mp = 115-116 °C; 1 H NMR (300MHz, CDCl 3 )  7. 49-7.45 (m, 5H), 7.35 (dd, J = 8.4, 2.4 Hz, 1H), 7.25 (d, J = 2.4 Hz, 1H), 7.04 (d, J = 8.4 Hz, 1H), 5.88 (s, 1H), 4.48 (s, 1H), 3.92 (s, 3H), 1.25 (s, 9H); 13 C NMR (75MHz, CDCl 3 ) 169. 8, 148.2, 144.6, 139.4, 137.1, 128.8, 128.4, 128.3, 127.0, 123.1, 119.3, 117.0, 116.4, 93.2, 53.7, 34.3, 31.3; FTIR (KBr) 3467, 2960 , 1743 , 1489 , 1287 , 1236 , 1149 , 1026 39-7.26 (m, 6H), 7.03 (d, J = 8.4 Hz, 1H), 5.87 (s, 1H), 4.54 (s, br, 1H), 3.90 (s, 3H), 2.45 (s, 3H), 1.26 (s, 9H); 13 C NMR (75MHz, CDCl 3 ) 169. 9, 148.3, 144.6, 139.4, 138.2, 134.3, 129.2, 128.8, 126.9, 123.3, 119.5, 116.8, 116.5, 93.4, 53.8, 34.4, 31.5, 21.3; FTIR (KBr) 3468, 2959 , 1739 , 1489 , 1285 , 1258 , 1237 , 1145 , 1032 159.7, 148.3, 144.6, 139.0, 130.1, 129.5, 126.9, 123.2, 119.6, 116.5, 113.9, 93.4, 55.3, 53.7, 34.3, 31.4; FTIR (KBr) 3436, 2959 , 1749 , 1512 , 1287 , 1249 , 1130 , 1032 169.7, 150.0, 140.6, 139.2, 136.9, 135.3, 128.9, 128.8, 128.7, 128.6, 128.5, 127.0, 126.9, 124.9, 120.4, 117.5, 117.4, 93.4, 53.9; FTIR (KBr) 3436, 1749 , 1480 , 1253 , 1237 , 1157 , 1140 , 1123 , 1050 , 1022 144.7, 137.0, 128.84, 128.77, 128.4, 128.2, 127.0, 123.4, 123.2, 118.4, 116.7, 116.2, 93.4, 60.4, 42.7, 34.3, 31.4; FTIR (KBr) 3316, 2962 , 1669 , 1531 , 1490 , 1462 , 1446 , 1365 , 1257 , 1242 , 1178 , 1135 , 1100 , 1020 148.3, 145.0, 136.9, 128.8, 128.5, 128.41, 128.35, 128.3, 127.1, 123.2, 118.3, 116.8, 93.3, 69.6, 34.3, 31.4, 24.4, 24.2; FTIR (KBr) 3316, 2962 , 1669 , 1531 , 1490 , 1462 , 1446 , 1365 , 1257 , 1242 , 1178 , 1135 , 1100 , 1020 144.1, 138.0, 137.9, 137.8, 137.6, 129.0, 128.6, 128.5, 128.4, 128.4, 128.3, 128.2, 128.1, 127.7, 126.6, 123.3, 120.4, 120.2, 117.0, 86.9, 65.8, 58.6, 34.3, 31.4 127. 7, 126.5, 123.3, 120.6, 119.9, 117.0, 87.0, 65.8, 58.6, 34.3, 31.4, 21.3; FTIR (KBr) 3349, 3032, 2959 , 2361 , 1692 , 1490 , 1456 , 1326 , 1244 159.5, 148.1, 144.0, 137.9, 137.9, 137.6, 130.1, 130.0, 128.6, 128.5, 128.4, 128.4, 128.2, 127.7, 126.5, 123.3, 120.7, 119.5, 116.9, 113.7, 87.1, 65.8, 58.6, 55.3, 34.3, 31.4; FTIR (KBr) 3352, 3033, 2958 , 2361 , 1692 , 1512 , 1490 , 1247 , 700 cm -1 ; Anal. Calcd. For C 35 H 34 N 2 O 3 : C, 79.22; H, 6.46; N, 5.28.
Found: C, 79.13; H, 6.57; N, 5.39. If it is true in these cases, the products should be the thermodynamic diastereoisomers. Another possibility is that the inherent intramolecular equilibriums associated with this kind of molecules facilitated the transformations of the thermodynamically less stable diastereoisomers into the thermodynamic diastereoisomers. The unstable N,O-acetal functionalities as well as the long reaction time under refluxing conditions promoted these transformations. Therefore, the absolute configurations of spiropyrans 3c-h can be tentatively determined from the respective thermodynamic diastereoisomers. One method to distinguish between a thermodynamic diastereoisomer and the other diastereoisomer is to calculate the lowest energies of both molecules by quantum calculations. [1] 148.4, 143.8, 137.7, 137.5, 128.9, 128.2, 128.0, 126.4, 123.1, 120.8, 120.4, 117.0, 87.6, 58.6, 51.4, 34.3, 31.5, 30.5, 29.9, 24.3, 23.8; FTIR (KBr) 3214, 2935 , 2862 , 2361 , 1687 , 1490 , 1343 , 1255 , 1126 176. 2, 150.9, 144.0, 138.4, 138.1, 137.3, 134.9, 129.1, 129.0, 128.9, 128.8, 127.5, 126.7, 124.4, 123.1, 122.8, 122.6, 122.1, 120.4, 120.3, 119.9, 116.1, 81.1, 34.4, 31.6; FTIR (KBr) 3064, 2961 , 1728 , 1488 , 1454 , 1241 , 1141 Anal. Calcd. For C 30 H 25 NO 2 : C, 83.50; H, 5.84; N, 3.25. Found: C, 83.39; H, 6.00; N, 3.17 . 152.8, 140.2, 138.6, 137.8, 137.1, 135.1, 134.2, 129.4, 129.2, 128.9, 128.8, 127.6, 127.5, 126.7, 124.1, 123.1, 122.9, 121.7, 121.1, 119.9, 117.3, 81.3; FTIR (KBr) 3133, 2970 , 1725 , 1490 , 1453 , 1243 , 1140 Anal. Calcd. For C 32 H 21 NO 2 : C, 85.12; H, 4.69; N, 3.10. Found: C, 85.01; H, 4.77; N, 3.12. Spiropyran 3k: 89% yield; white solid; mp = 275-276°C; 1 H NMR (300MHz, DMSO-d6)  9.68 (s, 1H); 7.84-7.83 (m, 2H), 7.54-7.20 (m, 10H), 6.88 (d, J = 9.0 Hz, 1H), 5.59 (s, 1H), 2.40 (s, 3H), 1.28 (s, 9H); 13 C NMR (75MHz, DMSO-d6) 176. 3, 150.9, 143.9, 138.4, 138.2, 138.0, 134.9, 134.3, 129.6, 129.0, 128.8, 127.5, 127.2, 126.7, 124.5, 123.1, 122.8, 122.7, 120.4, 120.0, 119.8, 116.1, 81.1, 34.4, 31.6, 21.3; FTIR (KBr) 3200, 2955 , 1724 , 1489 , 1454 , 1239 , 1082 Anal. Calcd. For C 31 H 27 NO 2 : C, 83.57; H, 6.11; N, 3.14. Found: C, 83.43; H, 6.24; N, 3.30 (2) 51(2) -9(2) -4(2) -15(2) C(1) 35(2) 37(2) 58(3) -11(2) -1(2) -9(2) C(2) 37(2) 43(3) 50(3) -11(2) -3(2) -3(2) C (3) 38 (2) 35 (2) 41(2) -10(2) -6(2) -8(2) C(4) 36(2) 36(2) 55(3) -8(2) -9(2) -4(2) C(5) 51 (3) 48 (3) 65 (3) -12(2) -7(2) 2(2) C(6) 62(4) 63(4) 142 (7) -40(4) -19(4) 18(3) C (7) 62 (4) 48 (4) 157 (8) 11 (4) -24(4) 9(3) C(8) 55(3) 72(4) 91(5) 28(4) -21(3) -9(3) C(9) 45(3) 48(3) 59(3) 2(2) -9(2) -7(2) C(10) 39(2) 35(2) 47(3) -10(2) -5(2) -4(2) C(11) 45(2) 31(2) 44(2) -5(2) -3(2) -5(2) C(12) 45 ( (2) 48 (3) -10(2) -4(2) 0(2) Cl (3) 125(2) 204 (3) 233 (4) -152(3) -55(2) 13(2) Cl (2) 142(3) 192 (4) 271 (5) -114 (3) 26 (3) -73(3) Cl(1) 120(2) 571(10) 294(5) -351 (7) 79 (3) -114(4) C(31) 103(6) 203(10) 128 (7) -62 (7) -43(5) -16(6) _______________________________________________________________________ Table 5 . Hydrogen coordinates ( x 10^4) and isotropic displacement parameters (A^2 x 10^3) for 3i ________________________________________________________________
Synthesis of 2H-chromene-octahydroquinoxalin-2-(1H)-one spiropyrans

Synthesis of 2H-chromene-benzo[g]indol
